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Some properties of esterases of the greate r wax moth 
larvae , Galleria mellonella (L.) , were examined and the en -
zyme par t ially purified . Tris buffe r wa s chosen as the bUffer 
system OVer veronal bUffer . The former cause ti less hydrolysis 
of the acetYlsalicylic acid. Este rase activities we re deter-
mined with acetylsalicylic acid in tris bUffe r (0.05 M, pH 
7.85 with 0.1 M EDTA) and with acetyl-p-hydroxybenzoic acid 
in the same buffe r. The enzyme was par tially purified by 
combinatio n o ~ ~ce to ne powder p reparat ion, ammonium Sulfate 
precipitati on , in~ -exchange chromatography , a nd gel 
filtration. 
The starting enzyme preparation was obtained from 
acetone powder preparation . The ratio of este rase activity 
to pro tein content was increased l.36-fold by 70% ammonium 
sUlfate precipitation. The ammo~ium sUlfate in the 60-70 t 
saturation range is reproducible with the highest specific 
activity at 60% saturation. The ammonium sulfate fractiona-
tion increased the stability of the enzyme preparation. 
Afte r 24 hours more than 55% of enzyme activity from the 
ammonium sulfate p~ecipitate sti ll remain~d, where as only 
about 40% of the e nzyme activity from the ac e tone powder 
p ~eparation r ema i ne d. 
The pH optimum was fo und to be &.5 with acetyl - p-
hydroxybenzoic acid a s the substraLe. The es terase had a lin-
e ar increase in act iv ity with increasing temperature . At SlOe, 
the specifir activity was 27.60 micromoles/min mg protein in 
comparisn n to 1 2 .94 micromoles / min mg prote in at 20°c . The 
kinet i c behavior of the enzyme with the di f fe r e nt substrates 
WnS studied . The V and Kin f or the e nzyme with acetyl-max 
salicylic acid we r e found to be 0.667 micromoles / min mg pro-
tei n and 0.625 millimoles, respe ctively. With acetyl-p-
hydroxybenzoic acid , V and Km values were 1 2.S miero -max 
moles / min mg protein and 0 . 43 5 millimoles, r espectively . The 
energy of activation with acetyl-p-hydroxybenzoic acid was 
4. 542 kcal K- I mol-I. 
The t:u 'cerase activity ·,.,as inhibited by me r c uric chlo-
["ide and ve r atri :-le sulfate. It. was a ct i vat.ed by th t?- c~le .!.at ing 
agent , EDTA . The es t erase activity was not affected by p - chlo -
romercucibenznic acid and eser ine salicylate. 
Chapter I 
IN1'RODuc'r ION 
Esterases are a group of enzymes which catalyze the 
hydrolysis of various types of uncharged este rs: 
este rase 
Es ter + water -------- ) arid + alcohol 
These esterases are widesp r ead in nature and are present in 
animals, pla nts , and microorganisms (1). There i s also anoth-
er 9r~up of e nzymes that catalyzes the same reaction known 
as 11.p ds e s . Both esterases a nd lipases can attack the same 
subsLr aLe but which one does depends o n the ,"=ol :centration and 
the physical state of th~ substrate. Lipases will attack only 
e mulsified esters since they need the water-substrate Llter -
face . On the other hand , este rases will attack only completely 
dissolved esters (2). In the present study , we were particu-
larly interested in a group of esterases that catalyzes the 
hydrolysis of the carboxyl ester linkages. There are at l e ast 
three major groups of esterases that catalyze this reaction 
name l y arylesterases, carboxylesterases , and cholinesterases. 
They are classified by their sensitivity to inhibitors and 
1 
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activators. 
Cholinesterases , the most comm0n and most widely 
studie d class of esterases, are those that are inhibited by 
-5 10 M eserine (3). Esterases that are not inhibited by 
eserine (physostigmine) are further classified as aryl-, 
carboxyl-, or C-es t erases on the basis of their sensitivity 
to organophosphate compounds (4). Arylesterases are not in-
hibited by organophosphate compounds but actual ly hydrolyze 
these compounds. Arylesterases hydrolyze aromatic este rs a nd 
aliphatic este r s contai ning a double bond adjacent to the 
ester linkage in the alcohol moiety (5) . They are activated 
by calcium and inhibited by chelating agents and sulfhydryl 
inhibitors (6), Ali- , or more recently known as carboxyl-
esterases , a re also sensitive to low concentrations of o rgan-
ophosphate i nhibito rs. They are activated by these compo unds 
and reported to hydrolyze other derivatives of carboxylic 
acids such as a ~'Ses (7) , acid anhydrides (8) and thioesters 
(9). C-esterases do not hydrolyze nor are they inhibited by 
organophosphate c ompound s (10), C-esterase i s activated rather 
than inhibited by p-chloromercuribenzoic acid , a sulfhydyrl 
inhibitor (11). 
The este~ases for the present study were extracted 
from the greater wax moth larvae Galleria mellonella (L.). 
These insects feed on the beeswax of honeycomb and therefore 
are a menace to honeygrowers. The esterases of the greater 
wax moth larvae are catagorized as carboxylesterases (l2) . 
Beeswax of the honeycomb consists of 50- 80 % lipids. 
More than 72 \ of the lipids are monoesters of long-chain 
acids and alcohols , 13% are free fatty acids, and the re-
mainder of the lipids are hydrocarbons (13) . The esterases in 
the gut of the 1ar ae convert the various acids and alcohols 
in the honeycomb into normal saturated and unsaturated fatty 
acids (14). Only about 50% of the ingested wax is utilized 
and metabolized by the wax moth. The excess acid resulting 
from the high lipid diet is excrete d (2). The mechanism of 
the wax digestion by the wax moth has been extensively stud-
ied. Niemerko suggested that the esters are hydrolyzed in 
the gut to an alcohol moiety. The alcohol moiety is then oxi-
dized to fatty acids which are further broken down (15). The 
hydrocarbon fraction of the lipids of beeswax may be metabo-
lized by the same mechanism as that in bacteria. ~-oxidation 
of hydrocarbon by bacteria i s well documentated and reviewed 
by Van der Linden et al. (16). McCarthy (17) has found that 
hydrocarbo ns undergo VJ -oxidation in I, .. lume n of vertebrates 
and are converted into acids and phospholipids . 
The nature of the enzymes that are responsible for 
the hydrolysis of ca rboxylic acid esters of beeswax in the 
wax moth is not yet fully unde rstood. The mechanism of es ter-
ase action is thought to be s imi lar to that of proteolytic 
enzymes. The deacylation of esters by the enzyme is general l y 
believed t o proceed by a mechanism involving a serine and 
histidine residue on the enzyme a nd an unknown acid. The de-
acylat i on steps are shown in Figure 1 (18). 
In 1966, Jacobson and Young (19) isolated a number of 
3 
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Figure 1. Possible Mechanism of Enzymatic Deacylation by 
an Esterase. Th e Mechanism Involves a Serine and a Histidine 
Residue in the Enzyme and a Weak Acid of Unknown Nature. 
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esterases from the gut of Galler i a mellonella (L.) . The 
larvae of the moth was r eared on a s ynthetic diet that Con-
sisted of in fa nt cereal, honey, and glycerol . This diet con-
tains about 3% lipid (20) . For t he present e xperime nt, the 
diet was modi f ied to include bees wax and vitamins which would 
stimulate growth and esterase act ivity . The lipids of insects 
reared on eit her diet a re about 85% triglycerides , although 
the wax-fed moth s have almost t wice as much phospholipid. The 
fa tty acid conte nt of wax mo ths i s not affected by diet (21). 
It wa s POstulated that there ",ould be differences in 
the activity of esterases in the gut of Galleria ~lonella 
(L.) due to stages of development and differences in diet . 
The dependence of the enzymatic activity of protease in th e 
gut on development in the last two larval ins t ars and in t he 
pUpa of Galleria mellonella (L.) wa s examin e d by Janda & Krieg 
( 2 ~ . Krieg (21) investigated changes in the activity of es-
t e r ase in the 6th and 7th larval instars . Kr ' e g al s o examined 
the ef f e ct of natural and synthetic diet on este rase activity. 
Similar to protease, t he total activity of este rase i~creases 
fro," the begin ning of the 6th ins tar with a mode rate slowing 
down up to the 4th day of the last instar , and then decreases. 
The greatest decrease is apparent between the 5th an d 6th days 
of the last instars , apparently due tv cessation of food in-
take. If they were given a choice between natural and synthe-
tic food , the larvae of Galleria mellonella (L . ) prefer 
the natural food even though it is less favorable to their 
growth and development. Another study by Dai duy Ban (23) also 
5 
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indicate d decre ases in all e nzymatic activity in Galleria 
mellone lla (L.) during - tarvation which r e turns to normal 
after refeeding. Jacobson (19) indicated that diet did not 
seem to affect the patte rn of este rases of Galleria mello-
nella (L.), and all the proteins we r e present in larvae fe d 
on eit her Synthet i c or beeswa~ diets. 
The carboxyle s t e rases in animal and insect systems 
e xist primarily in multiple molec ular forms (11. Narise and 
Hubby (24) found six e lectrophoretic variants of the same es-
t e rase from Drosophila pseudoobs ura; two wer e studied and were 
fou nd to have no differences in a~tivity . Kingsburg and Mast e r s 
(24) also Confirmed the mUltiplicity of carboxyle s terases in 
numerous ve rtebrates including pig, Sheep , horse, ox , guinea 
pig , and rat. The se esterases can exist in dime r form of mo-
lecular weight that ranges from 145,000 to 160,000 or a mono-
me :' ) f molec ular weight 80,000 . Ja;oobson and Young (12) iso-
late d abo ut ten esterases f rom the gut of Gal leria mellonella 
(L. I by means of polyacrYlamide gel column Chromatography. 
Six or seven di ff~ren t este rases were found by disc electro_ 
Phore si &. The esterase s from the gut of Wax moth larvae were 
Clas s ified as carboXYlesterases L€cause they were inhibited 
by P -chloromercuribe nzoic ac id and not e serine \'/hich is char-
acteristic o f this class of esterases (20). 
Hofst e e (1) described the kinetics of ester hYdro lysi s 
by carboxYleste rases with a mechanism involving three distinct 
steps. They are absorption of the sUbstrate on the enzyme , 
aCYlation of the enzyme and concomitant liberation of alcohol , 
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and finally liberation of acid an~ re activation of the e nzyme. 
The mechanism is illustrated in Figure 1. 
Aravinda Upadya et al. (1) isolated este rases from 
germinated fin ge r millet seeds. They assayed the e nzyme at 
varying concentrations of naphthyl esters , and f ro m the 
Linewe aver -Burk plots the Km and V val ues we re deter-
max 
mined. Values for I -naph thyl acetate are Km = 1.176 mM, V
max 
= 2.106 nmol / mg protein while I-naphthyl prop ionate yields 
values of Km = 0 . 86 mM and V
max 
= 3 .225 nmol / mg protein. 
The kinetic res ults of the enzyme assay indicated that 
the alcohol product (I-naphthol) gave linea r non-competitive 
inhibition while acetic acid gave linear competitive inhibi-
tion. The res ult is consi s tant with the orde red release of 
products by the enzyme (i.e. the alcohol r eleased first and 
acid second) as described by Hofstee (1). 
Tr.t: ~') resent study was initiated as an attempt to 
verify and expand the work of Daphne I. Pai (26). The ester-
ase activity f rom whole iarvae of Galleria mellonella (L .) 
was measu red. Fur t her purification of the esterases was at-
t e mpted by mea~s of ion-exchange and gel f iltra tio n. Kin e tic 
properties Jf the e nzyme we re also invest igate d. The factors 
observed for their effect on esterase activity were different 
substrates , pH , temperature , inhibitors, and storage condit ions. 
Chapter II 
Materials and Methods 
Part 1 . Mater ial s 
A. Wax Moth Diet 
The die t components were Gerber Mixed Infant Cerea l, 
(Gerber Products Co ., Fremont , Michigan) , U.S.P. glyce rol 
(Matheson, Coleman a nd Bell, Norwood , Ohio) , Po l y Vi-Sol v i -
tamin tablets {Mead Johnson Laboratories , Eva nsvil l e , I ndi-
ana) , table sugar , ~rude hone y , and crude beeswax . 
B. ~steras~ AGsay 
Buffer r eagent s were tris (hydroxymethyl) amino 
methane , (Schwarz / Mann , Orangebu r g , New York) , and sod i um 
barbita l (Fisher Scientific Co. , Fair Lawn, New York). The 
acetylsaljcylic acid that was used as o ne of the s ubstrates 
was purchased from Aldrich Che mica l Company (Milwaukee, Wis-
e nsin). The sal icylic acid that was used to check foe the 
purit y and spon t aneous hyd rolysi s of the subst rate was pur-
chased from Matheson, Co l e man and Bell Co . The ace tyl-p-
B 
hydroxybenzoic acid, the other substrate , and the p-hydroxy-
benzoic acid we re pu r chased from Sigma Chemical Company (P.O. 
Box 14508 , St. Louis, Mis souri). The bovine a lbumin that was 
used a s a standard in the Biuret test fo r protein determina-
tion was also purchased from Sigma Chemical Company. 
C . Purification 
Reagent grade acet:one and ether we r e o btained from 
Eastman Kodak Company (Rochester, New York). Grade A ammonium 
sulfate (enzyme grade) was obtained fro m the J.T. Bake r Chem-
ical Company (Philips burg , New Jersey). The gel t hat wa s used 
in the column ch romatog ra phy was purchased from Sigma Che mical 
Company . 
D. I nhibitors a n d Activator s 
Mer c uric c hlo ride (J ." . Baker Chemical Company , Phil-
i psburg , New Jerse y), p-chloromercuribe nzoic ac id (leN 
Pharmaceuticals Inc. , Life Science Group , Clevela nd, Ohio 
(~~2 8) , veratrine sulfate (Nutritional Bio~helnicals Co rp ., 
Clevela nd , Ohio) , a nd ese rine sal icylate (Merck & Co . , Ra h-
waY,New Jersey) were tested a ~ inhibitors . The disodium salt 
of (e thylenediamine) - tetraacetic acid (EDTA) was t es ted as an 
act ivator a nd wa s p u r chased from Sigma Chemical Company (P.O. 
Box 14508 , St. Loui s , Missouri) . 
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Part I I . Methods 
A. Insect Prepara tion 
1. Culture of the Grea ter Wax Moths 
Wax moth s , Galleria me llonella , were reared in 5creen-
covered 5-gallon bUl kets. The synthet ic diet was prepa ced by 
boili ng a mixtur0 of 300 g of sugar (table-grade) and 500 ml 
of e~ ual parts of glycerol and t ap water. The Poly Vi-Sol vi-
tamin (10 tablets , f inely c rushed) was added and the mixture 
poured ove r 24 oz of Gerber Mixed Ce r eal . Two hundred fifty 
grams of melted bees wa x with 25 ml of crude honey WlS blended 
in and the whole mixture was mixed to the consistency of wet 
s and. A supply of the grea t e r wax moths' eggs wa s placed in 
the rearing jar with the diet mixture and wer e allowed to 
hatch. In 4 to 6 wee ~· "'\ the larvae hatched from the eggs and 
e ntp.: red a rapid grow'_ h p i1 ase which lasted about 2 weeks . The 
insect grew best at abo ut 35°C and 50 - 60% relative humidity. 
2. Larv~e Harvest 
After abo ut 2 months of growth , the large , light-
colored larvae app roximate ly 3/ 4 inches in length wer e r e -
i~ved from the synthetic diet and placed in a small jar in 
an ice bath . Preparation of acetone powder from the larvae 
was started as soon as possible. Whenever this was not pos-
sible , the larvae we r e stored in an air -t ight container and 
placed in the freezer . 
11 
B. Preparation of Ace tone Powder 
One hundred grams of fres h larvae we r e homoge nize d 
with 5 . 0 1 of r eag e nt grade acetone ( -3 0o C t c -20o Cl in a Vir-
Ti s '4 5 ' blende r. The ace tone wa s ke pt in a mixt u r e of dry ice 
and i sopropyl alcohol to maintain a t e mpe rature be low -20°C . 
The l a r vae we r e transferred to the ble nder with 400 ml of cold 
acetone and ble nded at medium speed fo r 10 minutes. Subse-
qu~ n tly , the homog e nate was f ilte r ed t h ro ugh a Buch ner fu nne l 
(6 cm , Whatma n No. 1 paper) . The cake was transfe rre d back to 
the b lender . Another 400 ml of cold ace tone was added and the 
mixture blended for a nother 10 minute s and then f ilte r e d as 
befo r e . The procedure was r epea t ed until all 5 . 0 1 of acetone 
was used . 
The acetone - ext racte d paste was t ran sfered back to 
the Vir-Tis '45' flask a nd ex t racted wit h 250 ml of a mixture 
o 0 
of eq ual pa rts 0 . ~cc to n e and et he r at -30 C to - 20 C . The 
filtered cake was t h ~ n washed with 1 . 0 1 of cold die t hy! 
ether. The fi l t r ate wa s colorless at t hi s t ime . The fi ne pow-
de r wa s dri e d in a dess ica tor with Drierite i n t he f r ee ze r 
overnight. F inal traces of ethe r we r e r e moved by e vac uat ing 
the powde r with a wate r aspirator for fo ur hour s in a n ice 
bath . The thoroughly dri e d aceto ne powder was sto r ed in an 
a ir-tigh t contai ne r at OoC . 
C . Ammonium Sulfate Fractionation 
Acetone powder (1.0 gl was added to 25 ml of cold tris 
12 
buffer (0.05 MpH 7.85 wi t h 10- 1 M EDTA). The so lution was 
slowly sti rred in a n ice bath f or one hour. After all the 
acetone po~de r wa s dissolved , tt ~ solution wa s centrifuged at 
12,100 x 9 for 15 minutes a t 40C fo r one hour. Cold, satu-
r ated ammonium sulfate so lution (prepared using distilled, 
deionized water) was added to 5 ml of the above supernatant 
to yi e l c the desired percentage of saturation and was s tirred 
slowl y for 30 minutes at 4oC. The so lution was s ubseque nt ly 
centrifuged (12,100 x g, 15 mins, 4oC). The resultant pel -
l et wa s redissolved in 2 In1 of cold tris buffer and assayed 
for esterase activi ty and protein concentration. 
D. Spectrophotometric Determination of Products 
Two different subs trates were used for the determi-
nat ion of e ste rase activity, name ly acetylsalicylic acid and 
acetyl - p-hyd roxybenzoic acid . Salicylic acid (the product of 
the hydrviys l s of acetylsalicylic ac id) strongly absorbs ul-
traviolet (t;V) light in the wav .. length ra:1ge of 2 9:- 300 nlO, 
whereas ace tylsalicylic acid d oes not absorb at all in this 
region. This princip l e provides a convenie nt and sensi t i ve 
method for the dete rmination of the purity and sponta neous 
hydrolysis of ace tylsalicylic acid. The same princ i ple also 
applies to p-hydr o xybe nzoic acid (the product of the hydro-
lysis of acetyl-p-hydroxybenzoic acid) where it strongly ab-
sorbs UV light at one wavelength whereas acetyl-p-hydroxy-
benzoic a cid does no t . 
The measurements were carried out in a Cary Model 14 
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recording spectrophotometer. The reference cell contained 
buffer so lution only while the sample cell contained the buf-
fer with various concentrations of substrates. Lifferent 
kinds of buffers were tried to determine which buffer had the 
leas t hydrolytic effect on the substrate . 
Solutions of substrate were prepared by dissolving 
the correct amount o f e . . ter in a small volume of 95% e thanol 
with gentle swirling 
tris bufF ~ r <0.05 M, 
and diluti ng to th e correct volume with 
-1 pH 7 .8 5 , 10 M EDTA). Solutions of 
the substrate wer e prepared immediately before each experiment 
or kept in th e cold room for not longer than several hours. 
E. Protein Assay 
The protein concentration of a sample was determined 
by the Biuret test at 540 nm in the Spectronic 20 spectro-
photomete r. The reaction ~uvette contained 0.5 ml of enzyme 
and buffer mixture, 2.5 ni l of deionized water, and 3 ml of 
the Biuret reagent . The s ol ution was preincubated for 30 min-
utes at room temperature before its absorbance was measured . 
The reference cuvette contained 6 ml of equa l parts of de-
ioni zed water and Biuret reagent . Deionized water was used 
to zero the instrument. 
F. Esterase Assa y 
The esterolytic activity of esterase was detected 
from the acetone powder preparation of the larvae. The ace-
tone powder was brought into solution by add ing 0.2 g of ace-
14 
. -1 tone powde~ to 5 ml cold tr~s buffer (0.0 5 M, pH 7.85, 10 M). 
The mixture wa s s lowly s tirred fo r 1 hour in an ice bath . The 
solution was then c e ntrif uged at 12, 100 x 9 fOl 15 minutes in 
a Sorvall Supe rspeed RC2 -B Automatic Centr if uge at 40C. The 
super na t ant wa s fi l tered wi th Whatman No . 1 fi lter paper or 
0.45 micrometer Millex filter . 
Tests for esteLase activity were performed at 20°C 
and pH 7.85 in 3 ml quartz cuvettes in a Cary 14 spectropho t o -
mete r a~ 296 nm with acetylsalicylic acid as t he substrate. 
Three ml of 10 - 3 M solution of acetylsalicylic acid was added 
to each cuvette , then an al iquot of the e nzyme was added to 
the reaction cuvettes to initiate the reaction. Tests ~ o r es -
terase activity wer e performed at a wavelength of 279.8 nm 
when acetyl-p-hyd roxybenzoic acid was used as the substrate 
while all other conditions we re kep t as before . An equal amount 
of tris buffer was used I n the blank in place of the e nz y me . 
In a no the r cuvette , a so lut ion containing a n equa l amount o f 
filte red , heated e n zyme and 3 ml the gubstrate in tris buffer 
was used to follow the i n flue nce of s pontaneous hydrolysis o n 
the reaction rate . The r e action was fol lowed fo r 5 minutes , 
although this was var i ed for preparat ions with more or less 
act i vi ty. That po rtion of the curve wi th the grea test s lope 
was used to calculate the initial r e action rate . 
One unit of este rase a c tivity ~as defined as the 
amount of enzyme that produced one micromole of product (at 
a spec i f ied wave l e ng t h) per minute in a 10- 3 M substrate 
solution at 2 00C and pH 7.8S. Specific activity was ex-
pressed as the ratio of units of enzyme activity per milli-
gram of protein in the solution. 
G. Anion Exchanqe ChromatoqraphY 
Five ml of 60% ammonium sulfate precipitate was 
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applied to an A-50 DEAE-cellulose column (1.8 x 25 cm). The 
column was washed with 100 r ,l of the starting buffer (0 .0 5 M 
tris buffer, pH 7.85). The enzyme wa s e luted by stepwise 
addition of J ~ O ml each of 0.2 M and 0.3 M sodium chloride in 
the starting buffe r. A flow rate of approximately 30 ml /h r 
was maintained and 10 m1 fractions were collected . The tubes 
with the highest protein concentration were assayed for est~r­
ase activity. 
H. Gel Filtration 
The concentrated enz y~e from the DEAE-cel1u1ose co1-
umn chromatography was passe~ through the Sephadex G-200 col-
umn (1.8 x 75 cm) which was equil ibrated with 0 . 05 M tris 
buf f.er at pH of 7 .85. The enzyme was eluted with the same 
buffer at a flow rate of 15 ml / hr. The fractions with the pro-
tein were assayed for es terase activity and protein concentra-
tion. 
I. Determination of Optimal ~ 
The pH ~ptimum for esterase activity was determined 
using 3.0 ml of a 10-3 M solution of the acetyl -p-hydroxy_ 
benzoic acid and 0.1 ml of the e nzyme solution (60% ammonium 
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sulfate precipitate) in tris buffe r . The pH of the substra te 
was adjusted with concentrated He l and NaOH. Th e change in 
absorbance was fol lowed for 10 minutes . 
J. Determination of Enzyme Stability 
1 . Spontanp~ I nactivation 
Solutions of acetone powder pre paration (0.2 9 acetone 
powder/ ml) and 70% ammonium sulfa t e precipitate p re p r ation 
we r e tested for es t e r ase activity a f ter 1 hr, 4 hrs and 25 
hr s . The s olutions were s tored at 4°C at p H 7 .85 with t ri s 
buffer . 
2 . Sensitivity to Organic and I norganic 
Compo unds 
Enzyme prepa rations from the 60% ammonium sulfate pre-
cipitate were tested fo r sensit i vity to various compounds with-
o ut p re incubation in t :, ..... en zyme so lu t ions . The compounds were 
placed in so l ution s mad e up to a f ina l concent~at ion o f 10- 3 M 
a ce tyl - p-hyd r oxy benzoic acid and a final pH of 7.85 . EDTA , 
which was usua lly included i n the buffer solutio n, was omitted 
in this p rocedu re . 
K. Determination of Catalytic Properties of the 
Enzyme 
The e nz yme preparation f r om the 60% ammonium sulfate 
prec i pitate wa s assayed at various concentra tions of subs -
trates . The e sterase acivity wa s followed fo r five minutes 
17 
each (i.e wh ere the activity wa s postulated to ~ linear) . 
The reciprocals of the esterase act i vities and substrate con-
centrations were plotted on a graph and the values of Km (hor-
izontal intercept) and Vmax (vertical intercept) were calcu-
la ted . 
L. Determination of the Effect of Temperature 
The 
precipitate 
enzyme preparation f rom the 60% ammon ium sul fa te 
-3 ~~ s assayed with 10 M acety1-p-hydroxybenzoic 
acid at different temperatures . Enzyme concentrations that 
would yield a linear increase in activity were used a nd the 
activity was fol l o wed for 5 minutes. The enzy me wa s assayed 
o 0 0 0 
at 20 C , 30 C , 39 C, and 51 C. The e nergy of activation was 
calculated f rom the Arrhenius equation, k = Ae -Ea / RT . 
Chapter III 
Results and Discussion 
A. Ultraviolet Absorption of Acetylsalycyl ic Acid 
The absorption of salicylic acid and acetylsalicyl i c 
a cid at different concentrations in tris (0.05 M, pH 7.85) 
and veronal (0.025 M, pH 8.0) buffers are shown in Figure 2 
and 3, r espective ly. Pai (26) reporte d that t he maximum ab-
sorption for salicylic ac i d occured at 295.8 nm hence the 
absorbance was r ead at a wave length of 296 om. Bo t h Figures 
2 and 3 illustrate li near increases in absorption wi th in -
creasing concentrations 0 ·: ~~ licylic acid . 
Acetylsalicylic acid un derwent less spontaneous hydro-
lysis in tris buffer (0.05 M, pH 7.85) than in veronal buffe r . 
Tris buffer also showed bet t e r sensitivity to changes in con -
centratio n of salicy lic acid. Hence tr i s buffer was con sidered 
to be more sat i sfacto r y thon verona! bu f fer and was used in 
the subsequent experiments. 
B. Ul traviolet Absorption of Acetyl-p-hydroxybenzoic 
Acid 
The absorption spec tra of various concentrations of 
18 
Figure 2. The Absorption of Salicylic Acid ( open 
circles) and Acetylsalicylis Acid (closed circles) in Tris 
Buffer (0 . 05 M, pH 7.85, 20 C) . 
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Figure 3 . The Absorption of Salicylic Acid (open 
circles ) and Ace tylsalicylig Acid (closed circ l es) in vp ronal 
buffer (0.025 M, pH 8 .0 , 20 C) . 
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p-hydroxybenzoic acid (0.05 M, pH 7.85) is shown in Figure 4. 
It wa s fou nd that p-hydroxybenzoic acid is strongly absorbing 
at 279 .8 om, where as acetyl-p-hydroxybe~zoic acid does not 
absorb. Figure 5 illustrates the linear inc ~ease in absorp-
tion w: th increasing concentrations of p-hydroxybenzoic acid 
at 279.8 nm in tr i s buf fer (0.05 M, pH 7.85) with a 1 em ligh t 
path. 
C . Purification of Esterases from t he Greater 
Wax Moth !!arvae 
1. Ammonium Sulfate Fractionation 
Partial p urification of the esterase activity of the 
greater wax moth larvae was attempted through ammon ium sulfate 
fractionation. The a ceto ne powder was used as starti ng mate -
rial. The activjty test wa s carried out on the redissolved 
ammonium sulfate pre c i p ita te rather than on the supernatant 
be c ause of the: hi g h salt c oncentration i. n the solutio n ~ . UJth 
ace tyl-p-hydroxybenzoic acid and acetylsalicylic acid were 
used as substrat~s . Table 1 shows that the specific activity 
with acetyl - p-hydroxybenzoic acid as the substrate was in-
creased when the higher percent saturation wa s employed. At 
70% ammonium sulfate saturation , the pe r ce n t recove ry was more 
than 100%. 
22 
Figure 4. The Ultraviolet Absorption Spectra of 
p-hydroxybenzoic Acid in Tris Buffer (0.05 M, pH 7.85, 20 oe ). 
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Figure 5. The Absorpti8n of p-hydroxybenzoic Acid in Tris 
Buffer (0.05 M, pH 7 .85, 20 C). 
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Table 1 
PARTIAL PURIF ICATION OF EST ERASE FROM 
THE GREATER I'IAX MOTH LARVA WI'rH ACETYL- p-
HY DROX YBENZOIC ACID 
24 
====== ======================================================= 
Step Total Total Specific 
Protein 11 Activ ity 11 Activity 11 
Purification 
Fold 
-- ---- - ------ -------------------------------- - ---------------
Acetone Powd e r 92 ,0 780 8 , 48 1.00 
50% Saturated 
Ammonium Sulfate 36, 8 228 6.20 0.73 
60% Saturated 
Ammonium Sulfat e 43.2 452 10.46 1. 23 
70 % Saturated 
Ammonium Sulfate 40.0 460 11. 50 1.36 
---- -- ----- -- -- - ------ -- --------- ----------- ----- - - -- ------
.11 mill i g r am 
11 micromoles/mg protein 
11 micromo1es/ mg protein pe r minute 
2. Gel Filtration and Anion Exchange 
ChromatographY 
25 
Att e mpts to further purify the es t e rases of the great-
e r wax moth larvae through gel fi ltration and anion exchange 
chromatography fa iled . These procedure~ req uired more time 
than wa s availa ble . 
D. ~ Optimum with Acetyl-p-hydroxybenzoic Acid 
The pH optimum for e nzyme act ivity of the greater wax 
moth lar vae with acetyl-p-hydroxybenzoic acid wa s found to be 
ne ar 8.5 fo r tris buffer as shown in Pigu re 6. The pH used 
fo r su bsequent expe rime nt s was approximately 7.85. In vivo 
pH of the Galleria mellone lla l a rvae i s reported t o be near 
7.0 in the foreg ut, 7.0-8.0 in the midgut , and 6 .4-6.6 in the 
hindgut (14) . In an ea rlier work by Pai, t ile optimum pH using 
acetylsa licyli c acid a~ .he substrate was re porte d as 8 . 0 (26). 
The discrepancy might bB atcri buted to the di f f ere nces in the 
su bstra te used to fol l o w the activity and the exper ime ntal 
env i ronmen ts . The pH optimum f or most carboxylesterases has 
bee n consistently repor ted to be in the range of pH 7.5 to 
9 . 0 (ll> . 
E. Catalytic p'roperties of the Enzyme 
The kin e tic behavior of e nzymes has bee n character-
ized by L. Michelis and M. L. Mente n (1913), who hypothesized 
the e xi ste nce of a n e nzyme-s ubstrate (E5) complex as the ba-
sis for a theoretical analysis of enzymatic reactions . The 
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Figure 6 . pH Optimum for Esterolytic Act i vity in Tris 
Buffer (0.05 M, 20°C) with Acetyl-p-hydroxybenzoic Acid as 
the Substrate . 
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overal l reaction is writte n as 
kl k3 
E + 5 ~====~ ES ------ ) P + E (1) 
k2 
with the rate of reaction being e qual to the rate of disso-
ciation of the enzyme - subs t rate, E5, complex. The Miche l e s -
Mente n e quation (2) is given a s 
v [SJ 
max 
(2 ) 
where V = initial ve locity, V o max maximum ve locity , (51 = 
substrate concentration , and Km = Michelis constant whi ch is 
that substrate concen tration a Io/hich the enzyme re action 
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reaches one -half the maximum ve loci. ty. The equation can be ra-
arranged to f orm a straig ht 1il1e by taking the reciprocal on 
both s ide s of e quation (2): 
1 1 1 
+ ( 3 ) 
Vrnax 
A plot of l l Vo versus 1/ [SJ allows Km to be determined 
as the inte rcept of the y-axis and Vrnax as the intercept 
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of the x-axis (27). 
The experime nt was perfo rme d in order to determine 
the este ra se afE ioity to different substrates . It has been 
establ i s hed that the esterase has a wide range of subst r ate 
spec i f i c i ty a nd ha s a different rate of reaction for differ -
e nt substrates . The di ffere nt i some r s of t he same subs trate 
we re tested to determine their effec t on the activity of the 
este rases of the greate r wax moth. The ortho a nd para isomers 
of acety J ~alicylic acid were used in t he st udy . 
The ellzyme wa s assayed at varyi ng co nce ntrations of 
ace tyl-p-hyd roxybe n zoic acid (para i some r) and ace tylsali cy lic 
acid (o etho isome r) . From the Line weave r-Burk plot (Figure 7) 
the Km and V were determine d to be 0.435 mil l imoles and 
max 
12 . 5 micromoles/mg protein, respectively , wi th the acetyl-p-
hydroxybenzo ic acid as the substrate . Wi t h ace tyl s alicylic 
acid (Fig ure 8) the Km and V a r e 0 . 667 millimoles and 
max 
0 .62 5 micromoles / mg pro l.. ... ~n , respect i ve ly. The resu l t illu5-
trates !.hat the este rase o f the gre ater wa x moth l a rv ae has 
a higher affinity for t he pa ra isomer. One possible explana-
tion fo r this be havior i.s that as t he func t ional g ro up on t he 
substrate molecule i s set fart he r apart , t he protei n mo l ec ule 
e xpe=ie nces l ess ste ric hindrance hence the increase in acti -
v it y . Comparable values of Km and Vmax wi th l - napththyl 
acetate in the work of Upadhya (1) are 1.176 millimoles ar.d 
0 .0 0211 micromoles / mg protein . respectively. Thi s might sug-
gest that the es t erase pr efe rs a smaller ring syste m a s a 
su bstra t e and that acetyl-p-hydroxybenzoic acid resembles more 
Figure 7. Li neweaver-Burk Plot of the Esterase 
Activity with Acetylop-hydroxybenzoic Acid in Tris Buffer (0.05 M, pH 7 . 85 , 20 C). 
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Figure 8. Lineweaver-Burk Plot of the Esterase 
Activity wi~h Acetylsalicylic Acid in Tris Buffer (0 . 05 M, 
pH7.85 , 20C). 
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closely to the natural su bstrate for the esterases. 
F. Stability of the Enzyme 
Solutions of different larvae pre~arations were t es ted 
fo~ esterase activity after a certain period of time to de ter-
mine their stability . The solutio ns were s t o red at 4°C in tris 
-1 buffe r (0.05 M, pH 7.85 , 10 M ED'rA) between tests . It can 
be seen from Table 2 that the sta bility increases after par-
tial purification wi th ammonium sulfate f ractionation. The 
e cetone powder preparation lost 59% of its activity after 24 
hours and the 70% ammoni um su lfate precipitate lost o nly 45% 
of its activ ity. Furthermore , the acetone powder preparation 
tends to discolor more quickly than the ammonium sulfate pre -
c ipitate preparations. The result indicates that some of the 
I~re unstable proteins had been precipitated out during the 
ammonium su lfate fractionation. The result differs from that 
of Pai's ( 2L} . Pai re ported that the stability of the es terase 
activity de c r ~ sed with each addit ional s t ep of pur i f;cat i o n. 
According to Pai, the esterase had a complete loss of acti-
vity a t 70% ammonium sulfate precipitation after 24 hours 
while the acetone powder preparation lost only 46% of its ac -
tivity . 
G. Effect of Organic and Inorganic Compo unds 
The esterase activity of the greater wax moth was 
tested f or their sens i tivity to veratrine sulfate , p-chloro-
mercuribenzoic acid , a nd ethylene-I,2-diamine-N,N,N',N'-tet-
32 
Table 2 
SPONTANEOUS INACTIVA'frON OF EST ERASES 
============================================================ 
Preparatio n Time % Activity Remaining 
-------- --- --- -.---------- - - --------------- _ .. _-- -- -----------
Acetone Powder 
70% Ammonium Sulfate 
Precipitate 
1 
4 
2S 
1 
4 
25 
hr 100.0 
hrs 58.8 
hrs 41.2 
hr 100.0 
hrs 72.2 
hrs 55.6 
--------------------- ---- ---- ---- ---- ------------- ----------
raacetate ( EDTA), mercuric ch l o ride , a r, d ese rine s a li cYlate . 
The reSults a re sho wn in Table 3 . 
veratrine Sulfate is a ne rve inhibi to r t hat nOrmally 
inhibits choli nesterases . We fo und t ha t ve rat ri ne s ul fa t e 
ha s an i nhibitory effec t o n the este rase activity of t he 
greater Wax mot h larvae . The decrease in activ ity was greater 
at highe r co nc e n _ration of veratri ne sU l fa t e . He nce , th e 
pa r t ially p u r ~ f i ed esterases of the greate r wa x mo th larvae 
mi ~ht have Some propert i es of cholineste r ases . 
Eseri ne , P - Chlorome rCuribenzOic aCid , and ca lcium i o ns 
are sUbstances that we re used to c lassify este ra ses (19). It 
was fou nd t hat P - Chlo r omer c uribenzOic acid, a SUlfhydrYL in -
hibitor , did not hav e a n y adverse effec t On the e nzyme at low 
concentrations . The r es ul t indicates t hat the e nzyme does not 
have a su l fhYd ryl gro up on it s active s ite . rnste ad of tes ting 
the effect of ca l c; ~ i ons (a n activato r to a rYleste r ases) , on 
t he e nzyme , th e che l at i ng age nt , EDTA , ... as used t o reme .. ., th e 
ions f r o m the "nzYlne preparation . Si nce the compound had no 
adve r se effect on the act i vity o f the e nzyme , it Sugges t s that 
calc i um ions are not r eq uired by the e nzyme . Also , th e che -
lati ng agent incr~ased the este rase activity of th e e nzyme 
possibly by removing some othe r naturally OCcuring he av y metal 
lo ns that inte rfere with the act ivi ty of th e enzyme. Additional 
exper ime nts indicat"d t ha t higher conce ntrations o f EDTA cause d 
even mor e activat i o n of the e nzyme. Eser ine salicYlate, the 
Sal t of ese rine , ha d no effec t o n the activity of the enzyme 
at low concentrations . Considerable loss of activity at a 
3 3 
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higher co nce ntration was probably due to product inhibition 
caused by the sal i cy l ate of t he ese rine sa lt. The para isome r 
o f s alicyli c acid i s th e hydrolysis product of the r eact ion. 
The sa licylic acid may have ca used a competitive inh i bit i on 
to the esterase activity r es ulting in a d e crease in activity. 
Merc uri c c hlo ri de cause d only a sl ight inhibition to the es -
t~ rase activity. Loss of ac tivity at higher conce ntrati o n o f 
mercuric chlor ide is probably due to p rotei n denaturation . 
According to th e definition of es t e rases , the e ste r-
ases of t he greate r wax moth a re not aryles t e ra ses , because 
t hey are not inhibited by SUlfhydryl inhibitor and are acti-
vated by che l at ing agent. They are not C-esterases s ince the y 
are not activa t e d by p-chlo romercuribenzo i c acid. Cholines -
tera s es a r e class ifie d as those that a r e inhibited by low 
concentrations of ese rine and by ve ra t ri ne s ulfate, a ner ve 
inh jhitor . Although t he este rases of the greater ~ax mot h ar e 
s li y1lc l
y 
i nhibited by veratrine sUlfate , they are not affected 
by l ow ~oncentra tions of eseri ne . From t he effec t of these 
compounds on the este r ase ac tivity of the e nzyme , the es t er -
ases of th e g r eater wa x moth larvae were tentatively classi-
fied as carboxy l este rases . 
If . Effect of Tempe rature Q!! ~ ReactIon ~ 
The effect of t e mpe rature on the reaction rate is 
presented i n Table 5. It shows that the rate incre ases with 
increas ing t e mpera ture . We would expect t he rate of reaction 
to depend on several factors. One of these factors wo u ld be 
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Table 3 
THE EFFECT OF ORGANIC AND INORGANIC COMPOUNDS ON THE 
ES'rEROLYTIC ACTIVITY OF THE GREATER WAX MOTH LARVA 
WITH ACETYL-p - HYDROXYBENZOIC ACID 
============================================================= 
Compound Concentration 
Specific 
Activity 1/ %Activity Remaining 
- ---------- - ------------------------------- - -----------------Ve ratrine Sulfate NONE 12.60 100 0.0001 M 10.34 82 0. 001 M 8.62 68 
EDTA Y NONE 11 . 27 100 0.0001 M 13.27 118 0.001 M 14 . 59 129 
p-chloromercu ri_ None 11. 94 100 benzoic Acid 0.0001 M 11. 94 100 0.001 M 9.28 78 
Mercuric Chloride 0.000005 M 14.22 100 0.0001 M 12 . 14 85 0.001 M 1. 73 12 
Ese r i ne Salicy late NONE 1 : .94 100 0.00001 M 10.78 90 0.0001 M 10.28 86 0 . 001 M 3.05 26 
--- - - ----- - ----------------- ------------------ - --------------
11 Unit for activity is micromoles/min mg protein 
21 Sodium ethy lene-l , 2-diamine-N,N,N',N'_tetraacetate 
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the number of colI is ions per un itt ime , and another o ne would 
be the fraction of col li sions that woul d activate molecules 
for the reaction. Both of these factors should in c rease with 
t empe rature . At higher temperatures the protein may undergo 
denaturation, thereby losing its effectiveness as a biologi-
cal catalyst . Conseque ntly, the rate will decrease with in-
crease in temperatu re (27). In the present study, the range 
of temperatures that we had used was not high enough to de-
nature the protein . 
Arrilenius discovered in 1889 that the temperature de-
pendence of many reactions co uld be described by the following 
equation : 
( 4 ) 
where k is the rate constant; A i s a frequency facto r that 
represents the total frequency of collisions betwee n reactant 
molecules; Ea is the ac tivation enel:gy; R is the gas con-
stant; and T is .. \,~ absolute temperature. For our purpose , k 
is equi valent to the initial velocity of the reaction , V
o
' 
since the substrate and enzyme (reactants) concentrat:ons were 
kept constant (i. e rate = k[A]a [B]b). Taking the logarithm 
of eq uation (4) , we obtain 
ln V = ln A - E / RT 
o a 
( 5 ) 
A plot o f In Va versus liT gives a straight line whos e slope 
(which is negative) is equal to -Ea /R and the intercept on 
the ordinate gives ln A (27). 
From the Arrhenius plot 
t ivation , Ea ' was calculated as 
kJ K- l mol- l . 
(F igure 9), the e nergy of ac-
-1 -1 4.542 kcal K mol or 19.003 
Table 4 
THE Km AND V
max 
OF THE ESTERASES OF THE GREATER WAX 
MOTH WITH DIFFERENT SUBs'rRATES 
SUBSTRATE 
37 
(millimoles) (micromoles / mg protein/min) 
=================== ========================================== 
Acetylsalicylic Acid 0.667 
(ortho isomer) 
Acetyl-p-hydroxybenzoic 0.435 
Acid (para isomer) 
0.625 
12.5 
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TABLE 5 
THE EFFECT OF TEMPERA'r URE ON THE ESTERASE IICTIVITY 
WITH ACETYL-p-HYOROXYBENZOIC ACID 
=====================~== ====================== ========= === = 
Temperature 
(oC) 
Specific Act ivity 
(micr omo1es / mg p r o tein/min) 
% Ac tivity 
, 
---- --- - - -------- - --- --- --- - ----- -- - --- - ---- --- -- - ----------
20 12 . 9 4 
30 17 .34 
39 20.56 
51 27 . 60 
100 
134 
159 
213 
- ------------ --- ----- - -- --- ---- -- -- ----- -- ------------ -- ----
Figure 9 . The Arrhenius Plot for Determining the 
Energy of Activation with Acetyl-p-hydroxybenzoic Acid 
(0.05 M Tris Buffer, pH 7.85). 
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SUMMARY 
The esterases of the greater wax moth larvae are ten-
tatively classif ied as carboxylesterases by process of elimi-
nation. They are not cholinesterases because their activity 
is not inhibited by eseri ne; they are not arylesterases be-
cause their activity is not inhibited by cheiating reagent 
a nd su l fhydryl inhibitors; and lastly they are not c lass ified 
as C-esterases because their activity is not activated by 
p-chloromercu ribe n zoic acid. 
Carboxy l este rases are a class of e nzymes with wide 
substrate specific ity. Pai (26) used acetylsalicylic acid, 
the o rtho isomer of the ester of sa licylic acid, as the subs-
teate. Jacobson (20) chose the meta isomer of the same ester 
for his investigation . In the present investigation , a ne w 
5' lbstrate was chosen which i s the para isomer of acetylsali-
cylic acid, acetyl-p-hydroxybenzoic acid . By comparing the 
values of K and V , we found that the para isomer is the 
m ~x 
better substrate and probably r esembles most closely to the 
natu ral substrate for carboxylesterases. 
We determined the pH optimum for esterase activity 
with the new substrate . The optimum pH is at 8.5 which is more 
basic than that obtai ned by Pai (26) who used acetylsalicylic 
acid as the substrate. Pai r eported a pH optimum of 8.0. 
Jacobson (20), who used the meta isome r of the ester , also re-
ported a pH optimum of 8.0 . The pH optimum for carboxylester-
ases has been reported in the range of pH 7.5 a nd 9 . 0 (11). 
Both Jacobson (20) and Pai (26 ) r e porte d a loss in 
activity with eac h add i tio nal pu rifica tion s t ep. In the pre-
se nt investigation, fu rther purification seems to stabilize 
the e nzyme . 
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A linear re latio ns hip was observed be twee n t e mperature 
a nd este rase act ivi ty \. ith acetyl - p-hydroxybenzoic acid. The 
ener gy of activatio l. with this substrate seems to be c ompa -
rable t c those fo und for othe r hydroly tic e nzymes. 
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